
Fermilab FERMILAB-CONF-06-429-E

Diffraction at the Tevetron: CDF Results

Konstantin Goulianos
� †

The Rockefeller University, 1230 York Avenue, New York, NY 10023, USA
E-mail: dino@mail.rockefeller.edu

The diffractive programof the CDF Collaboration at the FermilabTevatron pp̄ Collider is re-

viewed with emphasison recentresultsfrom Run II at
�

s � 1.96 TeV. Updated resultson the

xB j andQ2 dependenceof thediffractive structurefunctionobtained from dijet production, and

on theslopeparameterof the t-distribution of diffractive eventsasa functionof Q2 in therange

1 GeV2 � Q2 � 104 GeV2, arepresentedandcomparedwith theoreticalexpectations. Resultson

crosssectionsfor exclusivedijet anddiphotonproduction arealsopresentedandusedto calibrate

theoretical estimatesfor exclusive Higgsproductionat theLargeHadronCollider.

DIFFRACTION 2006 - International Workshop on Diffraction in High-Energy Physics
September 5-10 2006
Adamantas, Milos island, Greece

�
Speaker.

†Presentedonbehalfof theCDF collaboration.

c
�

Copyright ownedby theauthor(s)underthetermsof theCreativeCommonsAttribution-NonCommercial-ShareAlikeLicence. http://pos.sissa.it/

mailto:dino@mail.rockefeller.edu


Diffraction at the Tevatron: CDF results Konstantin Goulianos

1. Intr oduction

TheCDFcollaborationhasbeeninvolvedin asystematicandcomprehensiveprogramof stud-
iesof diffractive interactionssincethestartof operationsof theFermilabTevatron pp̄ collider in
1989. Theultimategoalof this programis to provide experimentalresultswhich will beof help
in elucidatingtheQCDcharacterof hadronicdiffraction[1]. Diffractive interactionsarecharacter-
izedby largerapiditygaps1 in thefinal state,presumedto occurvia theexchangeof aquark/gluon
combinationcarryingthequantumnumbersof thevacuum.This exchangeis traditionallyreferred
to asPomeron [2]. Theprocesswhich is directly analogousto theclassicaldiffractionof light is
elasticscattering,but it is inelasticdiffraction processesthat provide the moststringenttestsfor
QCD inspiredmodelsof diffraction.Thetotal crosssectionis alsoof interestin testingtheoretical
modelsof diffraction,sinceit is relatedto theimaginarypartof theforwardelasticscatteringam-
plitude throughtheoptical theorem.In this paper, we presentresultsobtainedat theTevatronby
CDF andcommenton their physicssignificance.

Thenames/ datesof theTevatronrunsandintegratedluminositiesof datacollectedby CDF
arelistedbelow:

RunNumber Date Lum (pb� 1)

RunI
IØ 1988-1989 5
Ia 1992-1993 20
Ib 1993-1995 100
Ic 1995-1996 10
RunII
IIa 2003-2006 1000
IIb currentlyin progress

In RunIØ , CDF measuredelastic,singlediffractive,andtotal crosssectionsat � s � 630and
1800GeV.

In RunsIa, Ib andIc, CDFstudiedbothsoftandharddiffractiveprocesses,with thelatterincor-
poratingahardpartonicscatteringin additionto thecharacteristiclargerapiditygapof diffraction.
Figure1 showsschematicallythediagramsandfinal stateeventtopologiesof theprocessesstudied
by CDF in RunI.

In Run II, the CDF diffractive programwasenhancedby extendingthe kinematicrangeof
the measurementsof harddiffractive processesandby additionalstudiesof exclusive production
processes.

All Run I resultshave beenpublished. Theseresultsare briefly summarized.The Run II
resultsarediscussedin moredetail. Recentresultson the x-Bjorken andQ2 dependenceof the
diffractivestructurefunctionandon thet-dependenceof diffractivecrosssectionsarereportedand
characterizedin termsof their physicscontent.In addition,resultson exclusive dijet anddiphoton
productionarepresentedandtheirsignificancein calibratingpredictionsfor exclusiveHiggsboson
productionat theLHC is discussed.

1Rapiditygapsareregionsof rapidity devoid of particles;rapidity, y 	 1
2

E 
 pL
E � pL

, andpseudorapidity, η 	� lntanθ
2 ,

areusedinterchangeably, asin thekinematicregionof interestthevaluesof thesetwo variablesareapproximatelyequal.
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Figure 1: Schematic diagramsandevent topologies in azimuthal angle φ versuspseudorapidity η for (a)
elasticandtotal crosssections,and(b) singlediffraction (SD), double diffraction (DD), double Pomeron
exchange (DPE),anddouble plussinglediffractioncrosssections(SDD=SD+DD). Thehatchedareasrep-
resentregions in which thereis particleproduction.

2. Run IØ Results

In Run IØ , CDF measuredthe elastic,soft singlediffractive, andtotal pp̄ crosssectionsat
� s � 630and1800GeV. Themeasurementwasperformedwith theCDF I detector, which during
run IØ hadtrackingcoverageout to �η ��� 7 andRomanPot Spectrometerson both sidesof the
InteractionPoint (IP). The normalizationwas obtainedby the luminosity independentmethod,
which is basedon simultaneouslymeasuringthe total interactionrate,which dependson σT , and
theelasticscatteringdifferentialrateat t � 0, whichdependson σ2

T (opticaltheorem):

σT ∝
1
L

Nel � Ninel & σ2
T � 1

1 � ρ2

dNel

dt
� t � 0 � σT � 16π

1 � ρ2

1
Nel � Ninel

dNel

dt
� t � 0

Paradoxically, overestimatingthetotalrate,asfor exampleduetobackgroundevents,yieldssmaller
elasticandtotal crosssections,while lossof inelasticeventsresultsin largercrosssections.

Figure2 (left) shows Reggebasedfits to total andelasticscatteringdatausing the eikonal
approachto ensureunitarity [3]. Goodfits areobtained,which areconsistentwith theCDF cross
sectionsat theTevatroneven if theTevatroncrosssectionsarenot usedin thefit [3]. In contrast,
the standardReggefit to total singlediffractive crosssections,shown in Fig. 2 (right), overesti-
matestheTevatroncrosssectionsby a factorof � 10. Thisdiscrepancy representsa breakdown of
factorization,which is restoredby therenormalizationprocedureproposedin Ref. [4].
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Figure 2: (left) Simultaneousfit to pp̄, π � , andK � total crosssectionandρ-valuedatausingeikonalized
(solid) andBorn level (dashed)amplitudes[3] - therise of the pp̄ crosssectionwith

�
s is “pulled” by the

rise of the π � crosssectionsandwould passthroughthe CDF point at
�

s � 1800GeV even if this point
werenotusedin thefit; (right) total pp � pp̄ singlediffractiondissociationcrosssectiondata(sumof p̄ andp
dissociation)for ξ � 0� 05 comparedwith Reggepredictionsbasedon standardandrenormalized Pomeron
flux [4].

3. Run Ia,b,c Results

The diffractive processesstudiedby CDF in TevatronRunsIa,b,c(1992-1996)areschemat-
ically shown in Fig. 1b. Both soft andhardprocesseswerestudied. A discussion of the results
obtainedandof theirsignificancein decipheringtheQCDnatureof thediffractiveexchangecanbe
found in Ref. [5]. Themostinterestingdiscoveriesfrom this diffractive programwerethebreak-
down of factorizationandtherestorationof factorizationin eventswith multiple rapiditygaps.

Breakdown of factorization. At � s � 1800GeV, theSD/ND ratios(gapfractions)for dijet, W ,
b-quark,andJ � ψ production,aswell the ratio of DD/ND dijet production,areall � 1%. This
representsa suppressionof a factorof � 10 relative to predictionsbasedon diffractive partonden-
sitiesmeasuredfrom DDIS at HERA, indicatinga breakdown of QCD factorizationcomparable
to thatobservedin soft diffractionprocessesrelative to Reggetheoryexpectations.However, fac-
torizationapproximatelyholdsamongthe four differentdiffractive processesat fixed � s, which
indicatesthat thesuppression hasto do with theformationof therapidity gap,aspredictedby the
generalizedgaprenormalizationmodel(see[5]).

Restoration of factorization in multi-gap diffraction. Anotherinterestingaspectof thedatais
thatratiosof two-gapto one-gapcrosssectionsfor bothsoftandhardprocessesobey factorization.
This providesboth a clue to understandingdiffraction in termsof a compositePomeronandan
experimentaltool for diffractivestudiesusingprocesseswith multiple rapiditygaps(see[5]).
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4. The Run II Diffracti veProgram

In RunII, CDF hasbeenconductingthefollowing studiesof diffraction:
� structurefunctionin dijet production,
� t distributions,
� exclusivedijet, diphoton,ande � e � production,
� structurefunctionin W production,
� gapbetweenjets: dependenceof thecrosssectionongapsizefor fixed∆η jet .
In this paper, we presentpreliminaryresultson the first threetopics. The diffractive W and

‘gapbetweenjets’ analysesarein progressandresultsareexpectedin early2007.

4.1 Run II forward detectors
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Figure 3: The CDF detector in Run II: (left) locationof forward detectors alongthe p̄ direction; (right)
positionof theCerenkov Luminosity Monitor (CLC) andMiniPlug calorimeters(MP) in thecentral detector.

The Run II diffractive programwasmadepossibleby an upgradedCDF detector[6], which
includesthefollowing specialforwardcomponents(Fig. 3):

� RomanPotSpectrometer(RPS)to detectleadingantiprotons,
� MiniPlug (MP) forwardcalorimetersapproximatelycoveringtheregion3� 5 ���η ��� 5� 5,
� BeamShower Counters(BSC) positionedaroundthe beampipe at four (three)locations

alongthe p̄ (p) beamdirectionto tagrapiditygapswithin 5� 5 ���η ��� 7� 5.

The Roman Pot Spectrometer is the sameone that was usedin Run Ic. It consistsof X-Y
scintillation fiber detectorsplacedin threeRomanPot Stationslocatedat an averagedistanceof
57 m downstreamin the p̄ direction.Thedetectorshave a positionresolutionof  100µm, which
makespossiblea � 0� 1% measurementof the p̄ momentum.In Run Ic, the p̄-beamwasbehind
theprotonbeam,asviewedfrom theRPSside.An invertedpolarity (with respectto RunI) of the
electrostaticbeamseparatorsenabledmoving theRPSdetectorscloserto the p̄-beamandthereby
gain acceptancefor small � t � down to ξ ! 1 � xF " p̄ #$� 0� 03 (for larger � t � , lower ξ valuescanbe
reached).
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The MiniPlug calorimeters areplacedwithin theholesof themuontoroids.They consistof lay-
ersof leadplatesimmersedin liquid scintillator. Thescintillationlight is pickedupby wavelength
shifting fibersstrungthroughholesin the leadplatesandreadout by multi-channelPMT’s. The
calorimeter“tower" structureis definedby arrangingfibersin groupsto bereadout by individual
PMT pixels. Thereare84 towersin eachMiniPlug, andthe signalsthey provide canbe usedto
measureenergy andpositionfor bothelectromagneticandhadroninitiatedshowers [7].

The Beam Shower counters arerings of scintillation counters“hugging" the beampipe. The
BSC-1rings aresegmentedinto four quadrants,while in the otherBSCsaresegmentedinto two
halves.TheBSC-1arealsousedto provide rapiditygaptriggersandfor measuringbeamlosses.

4.2 Diffracti vestructur e function fr om dijet production

In Run II, CDF hasobtainedpreliminary resultsfor the xB j, Q2, and t dependenceof the
diffractive structurefunction from dijet productionat � s � 1960 GeV. The measuredxB j rates
confirm the factorizationbreakdown observed in Run I (seereview in Ref. [8]). The Q2 and t
dependenceresultsareshown in Fig 4.
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Figure 4: (left) Ratio of diffractive to non-diffractive dijet event ratesas a function of xB j (momentum
fractionof partonin antiproton) for differentvaluesof E2

T � Q2; (right) b ; t < 0 slopevs Q2.

Q2 dependence. In the range102 GeV2 � Q2 � 104 GeV2, wherethe inclusive ET distribution
falls by a factorof � 104, the ratio of the SD/ND distribution increases,but only by a factorof
� 2. This resultindicatesthat theQ2 evolution in diffractive interactionsis similar to that in ND
interactions.

t-dependence. Theslopeparameterb " Q2 #=� t � 0 of anexponentialfit to t distributionsneart � 0
showsno Q2 dependencein therange1 GeV2 � Q2 � 104 GeV2.

Theseresultssupportthepictureof acompositePomeronformedfrom colorsingletcombina-
tionsof theunderlyingpartondensitiesof thenucleon(see[5]).

4.3 ExclusiveDijet Production

Exclusive productionin pp̄ collisionsis of interestnot only for testingQCD inspiredmodels
of diffraction,but alsoasa tool for discovering new physics. The processthat hasattractedthe
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mostattentionis exclusiveHiggsbosonproduction.Thesearchfor Higgsbosonsis amongthetop
priorities in the researchplansof theLHC experiments.While themaineffort is directedtoward
searchesfor inclusively producedHiggsbosons,anintenseinteresthasdevelopedtowardexclusive
Higgs production,p̄ � p � p > p̄ � p � H � p. This Higgs productionchannelpresentsseveral ad-
vantages:it canprovide cleaneventsin anenvironmentof suppressedQCD background,in which
the Higgs masscanaccuratelybe measuredusing the missingmasstechniqueby detectingand
measuringthemomentumof theoutgoingprotonand(anti)proton.However, exclusiveproduction
is hamperedby expectedlow productionrates[9]. As ratecalculationsaremodeldependentand
generallyinvolve non-perturbative suppressionfactor(s), it is consideredprudentto calibratethem
againstprocessesinvolving thesamesuppressionfactors(s), but have higherproductionratesthat
canbemeasuredat theTevatron.Onesuchprocessesis exclusivedijet production,whichproceeds
throughthesamemechanismasHiggsproduction,asshown in Fig. 5.
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Figure5: Lowestorderdiagramsfor exclusive dijet (left) andHiggs(right) production in p̄p collisions.

Thesearchfor exclusive dijets is basedon measuringthedijet massfraction,R j j, definedas
the massof the two leadingjets in an event, M j j, divided by the total massreconstructedfrom
theenergy depositedin all calorimetertowers,MX . Thesignalfrom exclusive dietsis expectedto
appearat high valuesof R j j, smearedby resolutionandradiationeffects. Eventsfrom inclusive
DPEproduction,p̄p > p̄ � gap � j j � X � gap, areexpectedto contributeto theentireM j j region.
Any sucheventswithin theexclusive M j j rangecontribute to backgroundandmustbesubtracted
whenevaluatingexclusiveproductionrates.

The methodusedto extract the exclusive signal from the inclusive R j j distribution is based
on fitting the datawith MC simulations[10]. Two methodshave beenused. In the first one,
the POMWIG and ExHuME generatorsare usedfor simulatinginclusive and exclusive events,
respectively; in the second,inclusive (exclusive) distributionsaresimulatedusingthe POMWIG
(DPEMC)program.Experimentally, theMC non-exclusive dijet backgroundshapeis checkedby
a studyof high ET b-taggeddijet events,asquarkjet productionthroughgg > q̄q is suppressedin
LO QCDby theJz � 0 selectionruleasmq � M jet > 0.

Figure6 shows measuredR j j distributionsplottedversusdijet massfraction. On theleft, the
numberof eventswithin thespecifiedkinematicregion is comparedwith fits basedon POMWIG
plusExHuMEdistributionshapes,andon theright with fits basedonPOMWIG? DPEMC predic-
tions. Both approachesyield goodfits to thedata. Thesuppressionfactorexpectedfor exclusive
b-taggeddijet eventsis checked with CDF datain Fig. 7. Within the quotederrors, this result
validatestheMC basedmethodfor extractingtheexclusivesignal.
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In Fig.8 (left), integratedcrosssectionsaboveaminimumE jet1 m 2
T

arecomparedwith ExHuME
andDPEMCpredictions.Thedatafavor theExHuMEprediction.ExHuMEhadronlevel differen-
tial crosssectionsdσ excl n dM j j normalizedto themeasureddatapointsof Fig. 8 (left) areshown
in Fig. 8 (right) with errorspropagatedfrom the uncertaintiesin the data. Within the errors,the
goodagreementwith the default ExHuME predictionup to massesin the region of the standard
modelHiggsmasspredictedfrom globalfits to electroweakdatalendscredenceto thecalculation
of Ref. [9]. for exclusiveHiggsbosonproductionat theLHC.

4.4 Exclusive γγ production

Exclusive γγ productionin pp̄ collisionsproceedsthrougha lowestorderdiagramsimilar to
thatof Fig. 5 (right), but with thegluonsthatproducetheHiggs replacedby γ ’s. Therefore,like
exclusivedijet production,exclusiveγγ productioncanalsobeusedfor calibratingmodelsof Higgs
productionathadroncolliders.

A searchfor exclusive γγ productionhasbeenperformedon a sampleof eventscollected
by requiringa high ET electromagneticshower in combinationwith a looseforward rapidity gap
requirement.In thedataanalysis,therapidity gaprequirementwastightened,andthesearchwas
narroweddown to eventswith two highET photonshowerssatisfyingcertain“exclusivity” require-
ments.In adatasampleof 532pbo 1 total integratedluminosity, threeexclusiveγγ candidateevents
with Eγ

T p 5 GeVwerefoundwith notrackspointingto theelectromagneticclusters.As acheckof
therobustnessof therapiditygaprequirement,CDFmeasuredthecrosssectionfor thepurelyQED
processp̄ q p r p̄ q e s e otq p, whosecrosssectioncanbereliably calculated.Twelve exclusive
e s e o candidateeventswerefound in the datawith an estimatedbackgroundof 2u 1s 0 v 7

o 0 v 3, yielding
σ w γγ xzy 0u 14s 0 v 14

o 0 v 04 w statx|{ 0u 03w systx pbandσ w e s e o xzy 1u 6s 0 v 5
o 0 v 3 w statx}{ 0u 3w systx pb,whichagrees

with an expectationof 1u 711 { 0u 008 pb. For γγ production,the backgroundestimateis not yet
complete;basedonRef. [9], thenumberof eventsexpectedin thisdatasampleis 1s 3

o 1.

5. Summary

The diffractive programof the CDF Collaborationat the FermilabTevatron pp̄ Collider has
beenreviewedwith emphasison recentresultsfrom TevatronRunII at ~ s y 1.96TeV.

RunI resultshave beenbriefly presentedandtheir physicssignificanceplacedin perspective.
Processesstudiedby CDF in Run I includeelasticandtotal crosssections,soft diffractive cross
sectionswith singleandmultiple rapidity gaps,andhardsinglediffractive productionof dijet, W ,
b-quark,andJ n ψ production,aswell ascentraldijet productionin eventswith two forward ra-
pidity gaps(doublePomeronexchange).Theresultsobtainedsupporta pictureof universalityof
diffractive rapidity gap formationacrosssoft andharddiffractive processes,which favorsa com-
positeover a particle-like Pomeronmadeup from color singletquarkand/orgluoncombinations
with vacuumquantumnumbers.

Run II resultson the xB j and Q2 dependenceof the diffractive structurefunction obtained
from dijet productionhave beenpresented,aswell ason theslopeparameterof the t-distribution
of diffractive eventsasa function of Q2. In the range102 GeV2 � Q2 � 104 GeV2, wherethe
inclusive ET distribution fallsby a factorof � 104, theratioof SD/NDdistributionsvariesby only
a factorof � 2, indicatingthat theQ2 evolution in diffractive interactionsis similar to that in ND
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ones;andthe slopeparameterb w Q2 x�� t � 0 of an exponentialfit to t distributions neart y 0 in the
range1 GeV2 � Q2 � 104 GeV2 shows no Q2 dependence.Theseresultssupporta pictureof a
compositediffractive exchange(Pomeron)madeup from the underlyingpartondensitiesof the
nucleon.

Resultsoncrosssectionsfor exclusivedijet anddiphotonproductionhavealsobeenpresented
and their significancefor calibratingtheoreticalestimatesfor exclusive Higgs productionat the
Large HadronCollider discussed.The exclusive dijet crosssectionwasmeasuredup to jet Emin

T

of 35 GeV. Whenexpressedasa functionof dijet massM j j, crosssectionsup to massesof M j j �
120 � 140GeV areobtained,which arein theregion of thestandardmodelHiggsmassexpected
from globalfits to electroweakdata.A measurementof exclusive γγ production,a processwhich
canalsobeusedfor calibratingHiggsproductionmodels,yieldedthreeeventscorrespondingto a
crosssectionin therangeof thatpredictedin Ref. [9].
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